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ABSTRACT 

Persistent and indiscriminate uses of chemical fertilizer for crops growth had numerous negative effects on the soil over the  
years. Biofertilizer, which has been reported to be more effective than chemical fertilizer in terms of healthy crop growth 
without destroying soil ecology lacks awareness. This article investigated the comparisons studies between the chemical and 
biofertilizers effects on soil properties. The aim was actualized by setting up three replicates (biofertilizer, chemical fertilizer 
and control) with fifteen (15) numbers of pots in each case. Each pot contained 2000 g of sand with 2 -seeds planted in each 
case. The control replicate was given zero fertilizer treatment. Concentrations of fertilizers were varied on biofertilizer and 

chemical fertilizer replicates using design expert tool. The physio-chemical properties, soil pH and water holding capacity of 
the soil were analyzed before planting and afterwards for all the three replicates. The results showed that, the effects of 
biofertilizer and chemical fertilizer on soil pH are insignificant because, their percentage error differences when compared to 
the base soil pH are 1.5% and 0% respectively. The carbon to nitrogen ratio in the biofertilizer soil replicate increased from 
3.38 to 9.93 after harvest, but decreased to 0.45 in chemical fertilizer soil replicate. The water holding capacity of the 
biofertilizer soil replicate also increased from 3.26% to 5.55%, while it was reduced to 3.12% in chemical fertilizer replicate. 

This result shows that, there is 41.26% water holding capacity increase in the biofertilizer soil replicate, compared to the 
chemical fertilizer soil replicate with 4.29% water loss. It can therefore be concluded that, chemical fertilizer has an adverse 
effect on soil properties, as evidence from depletion of water holding capacity and organic carbon observed from chemical 
fertilizer treatment.  
Keywords: Biofertilizer, chemical fertilizer, soil properties, comparison. 
 

INTRODUCTION 

Biofertilizers are preparation of efficient strains of 
microorganisms rich in living cells for crop nutrients uptake, 
through their interactions in the rhizosphere (Faludin, 2009; 
Anil et al., 2016; Andressa et al., 2017). Chemical fertilizers 
are obtained from synthetic origins which are generally 

inorganic substances in nature (Neni et al., 2004; Khanom, 
2008; Staff, 2018). Chemical fertilizer increases the soil 
acidity, which enhances reduction in the beneficial soil 
microorganism populations. Biofertilizer however increases 
soil water retention capacity, improve organic matter, 
enhances the soil microorganism to strive within the soil and 

mobilize vital growth nutrients for plant use (Neni et al., 
2004; Ibrahim, et al., 2013). 
 
It has been established that both chemical and biofertilizers 
are important agricultural tools that help farmers to enhance 
their farm produce (Shah and Rajendra, 2012; Francis and 

Berhanu, 2016; Ivana et al., 2016). As reported in the work 
of Bruand et al. 2005; Adekunle et al. 2017, fertilizers have 
been used over the years in agricultural practices to improve 
the healthy growth of crops, as evidence from their 
significant roles in increasing agriculture production across 
the world. The general awareness and availability of 

chemical fertilizer made it farmer’s first choice over its 
biofertilizer counterpart (Kamla and Uttar, 2009; Niño et al., 
2012; Meenakshi, 2016). The negative effects on soil and 
natural environment afterwards by chemical fertilizers is a 
big concern (Shah and Rajendra, 2012; Tinatin et al., 2015; 

Adekunle et al., 2017). These effects often prevent the 
availability of vital nutrients that plants need for healthy 
growth (Shah and Rajendra, 2012; Vikas et al., 2014; 
Mohamed et al., 2018).  
 
These effects have gradually made the natural soil and its 

growth nutrients vulnerable over the years, and its 
continuous utilization will be a huge detriment to the future 
farming activities. Based on these, researchers are now 
focusing on different technologies for alternative crop 
growing supports of which biofertilizer application is not left 
out. Therefore, the choice of biofertilizer in this work in 

comparison with its chemical fertilizer impacts on some soil 
properties. This article is therefore aimed at comparison 
investigation on the impact of chemical and biofertilizers on 
soil. 
 

MATERIALS AND METHODS 

Sourcing of Materials Used 

The soil used was imported from Crop Protection 
Departmental farm garden, Ahmadu Bello University, Zaria. 
The plant pots used were purchased from Sabon-gari market, 
the maize seeds used, identified as samaize 37 specie were 
obtained from Plant Science Department, Ahmadu Bello 

University, Zaria. The NPK (chemical fertilizer) used was 
obtained commercially from El-Hayyat fertilizer Company, 
Kano Road, Zaria, while the biofertilizer counterpart was 
produced. 
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Soil analysis 

British Standard (BS 5930) standard procedure was adopted 
to identify the type of soil used in this work. The pore 
size/texture of the soil was determined using stack of sieve 

size ranges of (0.71 mm, 0.425 mm, 0.36 mm, 0.212 mm 
and 0.075 mm). It was classified into (sand with 89.8 wt %, 
7.9 wt % of silt and 2.3 wt % clay) using soil texture triangle 
as shown in Plate I. 
 

 

Based on these classifications and the percentage weight of 
sand contained in the soil, it was therefore identified as 
sandy soil. 
 

Design of experiment 

Impacts of biofertilizer and chemical fertilizer on some soil 
properties were investigated by considering three variable 
parameters such as fertilizers concentrations, sand 
concentration and quantity of maize seeds, using Design of 
Experiment (DOE) as software aid. These independent 

variables were investigated on the pH and Water Holding 
Capacity (WHC) of the soil, in which Response Surface 
Methodology (RSM) technique embedded in the DOE 
package, was adopted. Table 1, 3 and 3 showed the 
boundary conditions of the independent variables 
experimental design for biofertilizer, chemical fertilizer and 

control treatments respectively.  

 
Plate I: Soil texture triangle for type of soil classifications  
Source: (Marco and Markus, (1999); Ruben et al., 2015) 
 
 

 
 

Table 1: Design of experiment independent input variables for biofertilizer treatmet 

Factor Unit Low value High value 

Biofertilizer (A) g 10 60 

Maize seed (B) g 2.00 2.00 

Quantity of sand (C) g 2000 2000 

 
 

Table 2: Design of experiment independent input variables for chemical fertilizer treatment 

Factor Unit Low value High value 

Chemical fertilizer (A) g 10 60 

Maize seed (B) g 2.00 2.00 

Quantity of sand (C) g 2000 2000 

 
 

Table 3: Design of experiment independent input variables for control 

Factor Unit Low value High value 

Fertilizer (A) g 0.00 0.00 

Maize seed (B) g 2.00 2.00 

Quantity of sand (C) g 2000 2000 

 
 
As shown in Table (1-3), the number of seeds per pot and 

the quantity of sand per pot were kept constant from the 
input experimental design; however the concentrations of 
fertilizers were varied between 10 g and 60 g within the 

design boundaries, with the exceptions of control maize 

plant replicate with zero fertilizers concentration treatment. 
The number of experimental output runs were fifteen (15) in 
each treatment, Table 4-6 present the details. 
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Table 4: Design summary of the biofertilizer treatment 

 

Runs Biofertilizer Maize seed Quantity  
of sand 

pH  Water holding 
capacity 

1 10 2.00 2000 ,,                  ,, 
2 60 2.00 2000 ,,                  ,, 
3 10 2.00 2000 ,,                  ,, 
4 60 2.00 2000 ,,                  ,, 
5 10 2.00 2000 ,,                  ,, 

6 60 2.00 2000 ,,                  ,, 
7 10 2.00 2000 ,,                  ,, 
8 60 2.00 2000 ,,                  ,, 
9 7.04 2.00 2000 ,,                  ,, 
10 77.04 2.00 2000 ,,                  ,, 
11 35 2.00 2000 ,,                  ,, 

12 35 2.00 2000 ,,                  ,, 
13 35 2.00 2000 ,,                  ,, 
14 35 2.00 2000 ,,                  ,, 
15 35 2.00 2000 ,,                  ,, 

 
 

Table 5: Design summary of the chemical fertilizer treatment 
 

Runs Chemical 
fertilizer 

Maize seed Quantity  
of sand 

pH Water holding 
capacity 

1 10 2.00 2000 ,,                     ,, 
2 60 2.00 2000 ,,                     ,, 
3 10 2.00 2000 ,,                     ,, 
4 60 2.00 2000 ,,                     ,, 

5 10 2.00 2000 ,,                     ,, 
6 60 2.00 2000 ,,                     ,, 
7 10 2.00 2000 ,,                     ,, 
8 60 2.00 2000 ,,                     ,, 
9 7.04 2.00 2000 ,,                     ,, 
10 77.04 2.00 2000 ,,                     ,, 

11 35 2.00 2000 ,,                     ,, 
12 35 2.00 2000 ,,                     ,, 
13 35 2.00 2000 ,,                     ,, 
14 35 2.00 2000 ,,                     ,, 
15 35 2.00 2000 ,,                     ,, 

 
 

Table 6: Design summary of the control 
 

Runs Chemical 
fertilizer 

Maize seed Quantity  
of sand 

pH  Water holding 
capacity 

1 0.00 2.00 2000 ,,                     ,, 
2 0.00 2.00 2000 ,,                     ,, 

3 0.00 2.00 2000 ,,                     ,, 
4 0.00 2.00 2000 ,,                     ,, 
5 0.00 2.00 2000 ,,                     ,, 
6 0.00 2.00 2000 ,,                     ,, 
7 0.00 2.00 2000 ,,                     ,, 
8 0.00 2.00 2000 ,,                     ,, 

9 0.00 2.00 2000 ,,                     ,, 
10 0.00 2.00 2000 ,,                     ,, 
11 0.00 2.00 2000 ,,                     ,, 
12 0.00 2.00 2000 ,,                     ,, 
13 0.00 2.00 2000 ,,                     ,, 
14 0.00 2.00 2000 ,,                     ,, 

15 0.00 2.00 2000 ,,                     ,, 
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PHYSICO-CHEMICAL ANALYSIS 

pH Analysis of the Soil Before and Afterwards 

Shoemaker-McLean-Pratt standard technique was adopted 
for the soil pH determination. This was done by calibrating 

the pH meter over pH range of (1-14) using standard buffer 
solution. 5 g of sieved air-dried unused soil sample was 
scooped into a paper cup, after which 5 ml of distilled water 
was added to the sample. The solution was stirred 
continuously for 15 secs and allowed to stand for 30 mins. 
The pH meter electrode tip was placed in the solution and 

the value was recorded. This was repeated five times the 
average reading was recorded. The same procedure was 
repeated after the application of fertilizers/post-harvest for 
each run and their average values were recorded in each 
case. 
 

Soil texture and water holding capacity determination  

The water holding capacity (WHC) of the soil was 
determined using ASTM D2487-11 standard. This was done 
by selecting a bund around (5 m x 5 m) plot in Crop 
Protection Departmental farm garden, where the sand used 
was imported. The area selected was filled with 20 liters of 

water to sufficiently saturate the soil. The selected area was 
then covered with polyethylene sheet to check evaporation. 
Soil sample was taken from the centre point of the plot after 
24 hours of saturation to determine the moisture content on a 
daily basis until there is no significant change in the values 
of successive days. The numerical values of the WHC were 

determined by computing the weight of empty moisture 
container (X), weight of moisture container plus moisture 
soil (Y) and wight of moisture container plus oven dried soil 
(Z). This was repeated after harvest for each run and the 
average values in each case were presented.  
 

Moisture content in soil             =  Y – Z 
Weight of oven dried soil          =  Z – X 

Percentage of moisture content   =   
   

   
                  ) 

 

PROXIMATE ANALYSIS 

Soil Nutrients Analysis Before and Afterwards 

Potassium, phosphorus and nitrogen were the three soil 
nutrients selected as proximate analysis of the soil before 
and after the application of fertilizers. 
 
 

 

 

Potassium 

Olsen’s method was adopted in determining the available 
potassium in the soil before planting and afterwards. This 
was done by extracting the amount of potassium present in 

solution with neutral ammonium acetate of 1 molarity. The 
available potassium from in the soil was then estimated with 
the aid of flame photometer. 
 
Phosphorus  

The soil used is in acidic medium. Based on this, Bray’s 

standard method was suitable for the analysis; therefore it 
was adopted in determining the available phosphorus in the 
soil. The technique involved scooping 1 g of air-dried soil 
into 10 ml of extractant solution, which was shake for 5 
mins. The amount of phosphorus extracted was determined 
by measuring the intensity of blue color developed in the 

filtrate when it was treated with ascorbic acid reagent. This 
was done for the unused soil and the procedure was repeated 
on the soil after post-harvest, in which the average values 
were recorded.  
 

Nitrogen 

Kjeldahl digestion method was adopted in determining the 
amount of nitrogen present in the soil before and after 
fertilizers application. 1 g of the soil sample was weighed 
and placed in 250 ml capacity of conical flask. 0.7 g of 
copper sulphate was then added alongside 1.5 g of K2SO4 
and 30 ml of H2SO4. The solution was heat gently until 

frothing ceases. Afterwards, the digestion process was 
continued for 30 mins, after which the flask containing the 
solution was removed from the heating source and allowed 
to be cooled. 50 ml of water was then added before 
transferring to a distilling flask containing 20 ml of standard 
acid (0.1 M HCl). Then, excess acid from the distillate was 

titrated with 0.1 M NaOH, and the amount of nitrogen 
content present was estimated.   
 

RESULTS AND DISCUSSION 

Physio-Chemical Analysis of the Soil  

Impacts of the fertilizer on pH and water holding capacity on 

the soil investigated are presented in this section. Table 7 
presents results of the responses (pH and water holding 
capacity) studied from the independent variables (fertilizers 
concentrations, soil concentrations and quantities of maize 
seed per pot) interactions for biofertilizer and chemical 
fertilizer respectively. 
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Table 7: Response from the experimental investigation of the independent variables 

Biofertilizer treatment 

Runs Fertilizer 
conc. 

Maize seed Quantity of 
sand 

pH WHC 

1 10 2.00 2000 6.7 5.55 
2 60 2.00 2000 6.65 5.56 

3 10 2.00 2000 6.6 5.55 
4 60 2.00 2000 6.59 5.54 
5 10 2.00 2000 6.71 5.53 
6 60 2.00 2000 6.55 5.55 
7 10 2.00 2000 6.76 5.57 
8 60 2.00 2000 6.57 5.56 

9 7.04 2.00 2000 6.9 5.54 
10 77.04 2.00 2000 6.7 5.54 
11 35 2.00 2000 6.6 5.55 
12 35 2.00 2000 6.6 5.56 
13 35 2.00 2000 6.5 5.55 
14 35 2.00 2000 6.6 5.57 

15 35 2.00 2000 6.8 5.55 
Average    6.7 5.55 
 

Chemical fertilizer treatment 

1 10 2.00 2000 6.53 3.12 
2 60 2.00 2000 6.62 3.15 

3 10 2.00 2000 6.53 3.14 
4 60 2.00 2000 6.54 3.12 
5 10 2.00 2000 6.55 3.15 
6 60 2.00 2000 6.58 3.11 
7 10 2.00 2000 6.58 3.00 
8 60 2.00 2000 6.56 3.16 

9 7.04 2.00 2000 6.64 3.12 
10 77.04 2.00 2000 6.8 3.13 
11 35 2.00 2000 6.6 3.16 
12 35 2.00 2000 6.6 3.22 
13 35 2.00 2000 6.5 3.22 
14 35 2.00 2000 6.4 3.12 

15 35 2.00 2000 6.7 3.12 
Average    6.6 3.14 

 
 
The average pH values presented in Table 7 showed that, 
there was no significant negative effect impacted on the soil 
by the two fertilizer’s impacts in terms of pH. This is evident 

from the average post-harvest pH values of 6.7, 6.6 and 6.5 
recorded in biofertilizer, chemical fertilizer and control 
treatments respectively. It was therefore, observed that both 
the pH values obtained before planting and afterwards are 

within the range of (5.5 to 7.5) specifications suitable for 
plant growth as reported by William, (2000); Hartman et al. 
(2002); Razaullah et al. (2002); Roy et al. (2006); Eva and 

Farmington (2009); Igboro, (2011); Ayesha et al. (2016); 
Staff, (2018). The insignificant difference observed on the 
soil pH was further proved statistically using the analysis of 
variance (ANOVA) as shown in Table 8. 

 
Table 8: Analysis of variance for the fertilizers impact on soil pH 

Biofertilizer treatment 

Factors Mean 

square 

F-value Prob > F Model 

Remark 

R
2
 Adj. R

2
 Adq. 

precision 

Error 

(%) 
Model 0.15 27.88 0.0009 Significant 0.9805 0.9801 18.190 0.041 
A 0.041 66.16 0.0005      
B 0.00059 0.96 0.3717      
C 0.00349 5.65 0.0633      
 

Chemical fertilizer treatment 

Model 0.11 5.87 0.0329 Significant 0.9135 0.9133 9.077 0.022 
A 0.011 5.27 0.0702      
B 0.00036 0.18 0.6893      
C 0.002 0.51 0.5063      
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As it can be seen from Table 8, the pH models for both 
treatments are significant as their prob > F of 0.0009 and 
0.0329 are less than 0.05. The R

2
 of 0.9801 and 0.9135 in 

both cases are also desirable because they are close to 1. 

Their adequate precision also proved that; the model is 
adequate enough to describe the interactions. The percentage 
error differences of 0.041 and 0.022 for biofertilizer and 
chemical fertilizer respectively showed that, the fertilizers 
effects were statistically insignificant.   
 

Water holding capacity of the soil before fertilizer 

application and afterwards 

The average water retained by biofertilizer and chemical 
fertilizer soil treatments after harvest were 5.55% and 3.14% 
respectively (see Table 9), which are below standard 
requirement of 15% for sandy soil as reported by Thomas, 

(2002); Faludin, (2009); Mohammad et al. (2015) for an 
effective plant growth. The improvement in water holding 
capacity from the baseline value of 3.26% to 5.55% in 
biofertilizer soil replicate translated to 41.26% increased 
after harvest compared to the chemical fertilizer soil 
replicate which was reduced from 3.26% to 3.14%, 

amounted to 4.29% less water retained than the baseline. 
The water retention capacity improvement observed in 
biofertilizer soil replicate is due to the microbial activities in 
recycling the organic matter present, increasing the soil pore 

spaces and forming a cohesive force to hold soil-water 
within the soil to create favorable conditions for nutrient 
ions movement to the root when compared with chemical 
fertilizer soil replicate with poor organic matter, as a result 
of fertilizer-soil leaching effects. Table 9 shows the 
statistical analysis of variance done on the water holding 

capacity for both treatments. 
 
As depicted in the table, the water holding capacity of 
biofertilizer treatment is significant as its Prob > F value of 
0.0104 is less than 0.05, when compared to the chemical 
treatment with 0.8291. This indicates that, chemical fertilizer 

has negative effect on the soil water holding capacity as 
evidence from its R

2
 of 0.4723 and negative R

2
-adjusted 

value, when compared with biofertilizer treatment with R
2
 

value of 0.9472. This proved that, the observations from the 
experimental response data are consistent with the statistical 
records. 

 
              
           

 
Table 9: Water holding capacity of the soil in for biofertilizer and chemical fertilizer treatment  

 

Biofertilizer treatment 

Factors Mean 
square 

F-value Prob > F Model 
Remark 

R
2
 Adj. R

2
 Adq. 

precision 
Error 
(%) 

Model 0.0017 9.97 0.0104 Significant 0.9472 0.8522 10.433 10 

A 0.000073 0.39 0.5591      

B 0.000161 8.57 0.0327      

C 0.000139 7.45 0.0413      

 

Chemical fertilizer treatment 

Model 0.017 0.50 0.8291 Not 

significant 

0.4723 -0.4775 2.423 198.9 

A 0.0.0158 0.41 0.5485      

B 0.00006 0.0016 0.9698      

C 0.0057 1.48 0.2774      
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The data points in Figure 1 (a and b) distributed evenly 

along the regression line without outlier as shown. This 
indicates a good agreement between the predicted and 
experimental independent variable interactions as proved by 
their R

2
-values. As also shown in Figure 2a, the pH data 

points were distributed along the regression line unlike in 
Figure 2b, where there are outlier points of clumps along the 

regression line. The predicted and experimental water 
holding capacity relationships shown in Figure 2b further 
confirmed the significant effect chemical fertilizer has on 
water holding capacity of soil. 
 

Proximate analysis of the soil 

Roy et al. (2006) and Itelima et al. (2018) reported that, the 
mean average concentration of nitrogen, phosphorus and 
potassium required in the soil for healthy plant growth are 
1.5%, (0.1-0.4) % and (1-5) % respectively. As shown in 
Table 10, the values recorded for phosphorus and potassium 
were lower than 1.5%, (0.1-0.4) % and (1-5) % respectively 

as reported by Roy et al. (2006) and Itelima et al. (2018). 
However, higher than the initial concentrations in both 
treatments, except C: N that reduced in chemical fertilizer 
treatment as presented in Table 10. 
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Table 10: Primary soil nutrients analysis of the treatments before planting and afterwards 

 

Parameters Composition 
before planting (%) 

Biofertilizer’s soil 
replicate compositions 
after harvest (%) 

Chemical 
fertilizer’s soil 
replicate 
compositions after 
harvest (%) 

Control soil 
replicate 
compositions after 
harvest (%) 

Nitrogen (N) 0.08 1.5 0.77 0.074 

Phosphorus (P) L.D 0.032 0.025 L.D 

Potassium (K) 0.014 0.037 0.030 0.00402 

Organic Carbon (C) 0.27 14.89 0.35 0.27 

C: N 3.38 9.93 0.45 3.65 

LD: Low detection  
 
It was observed that, there was loss of available nutrients 

through leaching, as the chemical fertilizer used in this 
replicate originally contained 20% (N), 10% (P) and 10% 
(K). On the other hand, biofertilizer’s initial constituents 
were 0.28% (N), 0.0099 % (P) and 0.048% (K). The post-
harvest soil nutrients as shown in the Table 10, suggest that, 
made them available to the plant and enriched the soil for 

plant growth. The post-harvest soil analysis done on the 
control replicate showed that, there were reduction in the 
nitrogen and potassium contents from (0.08 to 0.074) % and 
(0.014 to 0.00402) % respectively. This can be justified 
because, there was no fertilizer treatment given to this 
replicate for its plants support. It therefore be said that, only 

biofertilizer’s soil replicate meets the requirement in terms 
of nitrogen soil nutrient concentration after harvest. 
 

Organic carbon and nitrogen nutrients relationships 

The soil fertility and its productivity are highly dependent on 
soil organic carbon (Roy et al., 2006). This is because; soils 

with appreciable amount of organic carbon or matter 
improve the soil structure, which is a function of high-water 
holding capacity in the soil. Therefore, Table 10 shows the 
amount of organic carbon to nitrogen ratio present in the soil 
before and after harvest for the three replicates. The organic 
carbon increased from 0.27% to 14.89% and 0.35% for 

biofertilizer and chemical fertilizer respectively, but 
remained the same as 0.27% in the control soil after harvest. 
These amounted to the carbon to nitrogen ratio of 9.93, 0.45 
and 3.65 respectively. This indicated that, biofertilizer soil 
replicates has better (C: N), from the initial value of 3.38, 
compared with the other two soil replicates after harvest.  

 

CONCLUSIONS 

It is concluded from the investigation carried out that, both 
biofertilizer and chemical fertilizer did not significantly 
change the soil pH as evident from error difference of 0.04 
% and 0.02 % respectively. However, chemical fertilizer has 

negative effect on the water holding capacity of the soil as 
its water retention capacity was observed to reduced, 
compared with biofertilizer impact whose water holding 
capacity increased from the initial state. Biofertilizer was 
observed to have improve the soil nutrients conditions, as an 
increased in carbon (C) to nitrogen (N) ratio from 3.38 to 
9.93 was observed after harvest, when compared to the 

fertilizer soil treatment whose C: N value decreased from 
3.38 to 0.45. It can therefore be concluded from the overall 

findings that; chemical fertilizer has an adverse effect on the 

soil compared with biofertilizer. 
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